Patterns of publication effort in coastal
ABSTRACT: A bibliographic d atab ase com prising 17 604 references on biogeochem istry and d istur bances in coastal ecosystem s w as com piled for the period 1971 to 2004 from the A quatic Science and Fisheries A bstracts an d the W eb of Science databases. The coastal ocean received increased atte n tion starting in the early 1990s, as show n by the increase in the rate of publication, both in absolute num b er (2-fold increase of th e yearly rate) and relative to the publication rate of all disciplines (3-fold increase). The nu m b er of publications on each ecosystem type and the geographic location of study sites are not proportional to their respective surface area. By this m easure, estuaries and the open continental shelf are, respectively, over-and under-investigated, and the research effort is dispropor tionately high in some areas (e.g. th e N orth A tlantic O cean and M ed iterran ean Sea, the subjects of 41% of th e publications) an d low in other areas (e.g. high-latitude coastal zones and the w estern Pacific). The cycling of inorganic nutrients is the biogeochem ical process receiving the highest research effort (46% of the publications). A lthough controversial, exchanges w ith the atm osphere, including C 0 2, have b e e n poorly investigated, w ith only 1.3 % of the publications. The m agnitude of scientific com m unity publishing in creased 13-fold during the period of investigation, also d em on strating th e grow ing interest in coastal biogeochem istry and disturbances. M oreover, the lists of authors have becom e longer, p erh ap s indicating research projects w ider in scope. Senior authors from 137 countries contributed papers; the EU25 and the USA contributed about V3 of the publications each. The nu m b er of publications p er million inhabitants is highly correlated to the gross dom estic product p er inhabitant, but some countries perform b etter (the Scandinavian countries, Australia, N ew Z ealand an d C anada) or less w ell (Japan, the USA and Italy) th an average. The num ber of cita tions of the publications is highly variable and indicates that barriers betw een disciplines still exist. At least 2 specialized journals (Estuaries and Estuariae, Coastal and S h e lf Science) are am ong the m ost relevant journals, but M arine E cology Progress Series is the single most im portant source of lit eratu re in th e fields of coastal biogeochem istry and disturbances. This diagnostic should be useful to th e research com m unity an d funding agencies to address the present im balances in research alloca tion an d to steer attention to geographical areas and processes that rem ain poorly investigated. Only th e n can the role of the coastal ocean on the global biogeochem ical cycles and its response to climatic an d anthropogenic disturbances be clarified.
INTRODUCTION
The coastal zone is an a rea w h ere land, ocean and atm osphere actively interact th ro u g h th e exchange of m atter and energy. The coastal ocean, operationally defined h e re as the m arine area extending from 0 to 200 m depth, receives a large am ount of nutrients and sedim ents from land, as w ell as nutrients from the atm osphere and the open ocean. In addition to such allochthonous sources, carbon and nutrients are also pro d u ced locally. T hese reactants are actively p ro cessed in the coastal ocean, w hich is som etim es described as a 'biogeochem ical reactor' (Derry & M ur ray 2004). B y-products are eith er stored in sedim ents or expo rted to th e open ocean, land an d atm osphere. Because of the intensity of the processes involved in th e cycling of elem ents in th e coastal ocean, as w ell as th e role of this zone as an interface b etw een all major com partm ents of th e biosphere, an a d eq u ate know l ed g e of the functioning of the coastal ocean 'biogeo chem ical reactor' is particularly critical to an u n d e r standing of the biogeochem ical functioning of the biosphere.
It is unfortunate th at th ere is, to our know ledge, no historical account of the com parative developm ent of research in the coastal an d open oceans. The m ain facts an d m ilestones are, how ever, relatively easy to describe. From the first biological observations on seashore organism s by A ristotle an d other G reek n a tu ralists until the 19th century, research in the m arine environm ent w as essentially lim ited to the sea shores, du e to lim ited access to ocean-going ships. The research w as m ostly d ed icated to collections and clas sifications of organism s in coastal areas. T hese efforts w ere reinforced w ith the developm ent of m arine research stations starting on th e E uropean coastline in th e m id-19th century, th e first one in O stende (Bel gium) in 1844. The research on the physiology and ecology of m arine organism s an d on the elem ental cycles th en received n ew m om entum . The first major rep o rt of a large-scale biogeochem ical process in a coastal ecosystem is probably that of D arw in (1842), w ho described th e form ation of atolls by corals.
During the second half of the 19th century, major oceanographic expeditions w ere launched, w hich led to a relative decline of coastal research com pared to open ocean research. This relative decline w as m odest until th e 1950s, but it in creased w ith the initiation of oceanographic institutions an d oceanography d e p a rt m ents an d th e steady launch of international program s operating on the global scale, such as the International G eophysical Year (1957 to 1958) an d the G eochem ical Sections Studies (1972 to 1978) . C oastal research also increased, but far less.
Since th e 1980s, th e coastal ocean has g ained in creased attention becau se of the aw areness of the heavy im pact of hu m an activities, w hich jeopardize the delivery of goods and services received from coastal ecosystem s. The population of th e n e a r coastal zone (within 100 km horizontally an d 100 m vertically of a coastline) w as about 1.2 x IO9 people in 1990, or about 23% of th e global population (Small & Nicholls 2003), an d th e coastal zone concentrates an ev en larg er share of th e global w ealth. The overall added -v alu e benefits derived from coastal m arine ecosystem s have b een estim ated at 43 % of the w orld's ecosystem services and natural capital (Costanza et al. 1997 ). This high econom ic value illustrates that hum ans use coastal ecosystem s in many, som etim es conflicting, ways, such as navigation, nutrient regulation, fisheries, food p ro duction (aquaculture) and recreation. Reliance of hum ans on coastal resources started long ago, as show n by an analysis of a hum an show ed w ho died about 550 to 600 yr ago and w as recovered from a N orth Am erican glacier 80 km from the shore; > 90 % of the m an's dietary body protein w as from m arine (hence coastal) sources (Dickson et al. 2004 ). Increas ing aw areness of the large im pact of anthropogenic activities on coastal ecosystem s has stim ulated research on these ecosystem s and, particularly, on the cycling of elem ents. A token of this interest w as the launch of national and international program s d e d i cated to the study of biogeochem ical processes in the coastal ocean, such as the Land O cean Interaction in the C oastal Zone (LOICZ; ww w .loicz.org), established as a core program of the International G eosphere Bios p h e re Program (IGBP) in 1993. As a result of these efforts, coastal biogeochem istry developed as a coher ent research program exam ining the cycling of e le m ents in coastal ecosystem s, locally and globally, and its perturbation by hum an activities.
The aim of this p ap er is to exam ine the developm ent and allocation of effort to the study of coastal biogeo chem istry and anthropogenic disturbances. We do so through the analysis of the published literature on biogeochem istry and disturbances in coastal ecosystem s b etw een 1971 and 2003. We evaluate the developm ent and allocation of effort through (1) the total rate of p u b lication, as w ell as the rate broken dow n into ecosys tem types and biogeochem ical processes; (2) the size of the scientific com m unity involved, the geographical distribution of the authors and the geographical distri bution of the study sites; and (3) the outlets for this research, as the num ber of journals used and the allo cation of space w ithin these journals to papers on coastal biogeochem istry.
METHODS
A bibliographic datab ase w as com piled from 2 com m ercial databases: the A quatic Science and Fisheries A bstracts (ASFA) published by C am bridge Scientific Abstracts, and the W eb of Science 6.0 (WoS) published by Thom son ISI (w w w .isinet.com /products/citation/ wos). The bibliographic search w as carried out during the period 12 to 30 Ja n u ary 2004 using the Internet versions of these databases. The ASFA datab ase com prised > 950 000 records at the tim e of analysis and cov e re d the period 1971 to 2003 (although it com prises a few older references back to 1953). The WoS d atab ase com prised about 17 million references at the tim e of analysis an d covered th e period 1988 to Ja n u ary 2004. Analysis of chronological d ata w as restricted to the period 1971 to 2003. R eferences p ublished prior to 1971 w ere found in th e ASFA d atabase, but th e cover age w as incom plete before that date. Likewise, the few referen ces published in 2004 w ere not considered either.
T hree searches w ere first carried out in order to col lect references related to (1) types of coastal eco systems, (2) biogeochem ical processes and (3) an th ro pogenic disturbances (Table 1 ). The 3 groups of referen ces re tu rn e d w ere th en pooled to produce the draft bibliographic d atabase, w hich w as analyzed using EndN ote 7.0 for M ac OSX (Thomson ISI Researchsoft). The search strategy u sed w ith th e ASFA d a tab ase w as slightly different becau se it req u ired a different p rocedure to com bine searches. However, th e sam e keyw ords as those show n in Table 1 w ere used.
The draft d atab ase w as th e n carefully scrutinized to elim inate duplicate references. Some articles w ere presen t tw ice w ith slightly different titles or w ith ty p ing m istakes. For exam ple, th e Russian an d English versions of articles p ublished in Russian journals tran s lated to English w ere som etim es p resen t in the ASFA database. Also, some articles w ere p ublished twice in different journals. All these duplicates w ere deleted. At this stage, the d atab ase com prised 10 068 and 11 792 references from th e WoS and ASFA databases, respectively. The final num b er of publications, after deletion of references p resen t in both the ASFA and WoS d atabases, w as 17 721 for the period 1953 to 2003.
O ther ch anges w ere n e e d e d to m ake analyses of the d a tab ase possible. The journal nam es used by the ASFA an d WoS d atab ases are not consistent, and the titles of some journals ch an g ed d uring the period con sidered. All abbreviations of journal nam es an d typing differences w ere hom ogenized. The p ag e num bers w ere not provided for 84 of th e 5740 p apers published by the top 27 journals. It w as arbitrarily set to 2. The nu m b er of p ag es p ublished every year by th e 28 jo u r nals leading in nu m b er of pap ers on coastal biogeo chem istry published annually w as o btained either from the editors or, if available, from th e Internet.
Author nam es w ere hom ogenized as m uch as possible, but u n certainties rem ain du e to incom plete indexing of first nam e initials by the publishers of the ASFA and WoS databases. The country of affiliation of authors (note that the AFSA d atabase does not provide the affiliation of ju nior authors) w as also m ade consistent using the most re cent country list and the nam es of new countries using the list established by the International O rganization for S tandardization (www. iso. org/iso /e n /prods -services/ iso3166m a/02iso-3166-code-lists/list-enl.htm l#sz). The gross dom estic product of these countries for the years 1998 to 2002, the only years available free of charge, was collected from the W orld Bank w ebsite (h ttp ://d e v d a ta . w orldbank.org/data-query/) and averaged. The hum an population in the year 2000 is from the U nited Nations Population Division (h ttp ://esa.u n .o rg /u n p p /).
The keyw ords describing the geographical locations of the study sites provided by the ASFA datab ase w ere extracted and analyzed. T here are no such keyw ords in the WoS database, a few ASFA references do not have location keyw ords and several publications investigated m ore th an 1 study site. Consequently, the geographical location of the study sites is available for only 8369 of the 17 721 references published betw een 1953 and 2004. A total of 10 321 geographical locations w ere found for these 8369 references. The surface area of each ASFA area w as calculated using the gridded E T O P02 d ata set dow nloaded from the D ata Support Section of the N ational C enter for Atm ospheric R esearch (http://dss.ucar.edU /datasets/ds759.3/data/). It blends satellite altim etry w ith ocean soundings and new land d ata to provide a global elevation and bathym etry on a 2' x 2' grid. The UNIX version of the G eneric M apping Tool (gmt 3.4.2-3), w ith its full reso lution coastline, w as used to calculate surface areas.
The various types of ecosystem s and of biogeochem ical processes and param eters w ere g rouped into larg er groups for the sake of clarity of the figures. The 12 following groups of ecosystem s w ere considered: estuaries and river deltas, shelves, coastal sedim ents and m ud flats, lagoons, coral reefs, algal beds, beaches, m angrove forests, coastal w etlands and saltm arshes, coastal upw ellings, seagrass m eadow s and others (coastal canyons, subm erged banks, polar ecosystem s, shallow nearshore habitats, coastal hydrotherm al vents, caves and hypersaline coasts). The 7 groups of biogeochem ical processes and param eters considered are: inorganic nutrients, prim ary pro d u c tion, dissolved organic com pounds, anthropogenic activities and disturbances, exchanges w ith the atm o sphere, fluxes of calcium carbonate and others (with keyw ords other th an those included in the previous groups).
RESULTS AND DISCUSSION

Yearly rate of publication
The num ber of publications in the field of coastal biogeochem istry increased greatly during the period 1971 to 2003 (Fig. 1A) . The num ber of publications per year recovered from the ASFA datab ase increased >9 tim es betw een 1971 and 2001 (88 vs. 832; or 4% yr_1) and, for reasons that rem ain unclear, d ecreased to 672 pap ers in 2002. A large increase w as also found w ith th e WoS d atab ase (from 117 to 1119 b etw een 1990 and 2002). The low retu rn rate of relevant articles from the WoS d a tab ase durin g th e period 1988 to 1990 is likely due to the fact that few records contained an abstract. In 1988 and 1989, 100% of the relevant records h ad no abstract. This figure w ent dow n to 27 % in 1990 and to 3% in 1994. Since the search strategy included the WoS topic keyw ord field, w hich also indexes the Table 1 . Search strateg y u sed for th e W eb of Science database. W ildcard sym bols as w ell as boolean operators w ere u se d to ascer tain th at all relevan t referen ces w ere collected. D uplicate records b e e n d eleted only once in th e final set. 'TS' is th e topic key w ord w hich includes th e article title, keyw ords an d abstract, th e w ildcard characters '*' an d '?' are th e truncation operators for m ultiple or single characters, respectively. 'AND', 'OR' an d 'SAM E' (search of records containing b o th groups of keyw ords in th e title, in the keyw ord field, or in th e sam e sen ten ce of th e abstract) are th e boolean operators used. The searches h a d to b e carried out in several sets becau se of th e lim itations im posed b y th e interface. T here is a limit (50) to th e m axim um n u m b er of w ords sep arated by boolean operators in a single set, an d no m ore th a n 20 sets can b e saved for su b seq u en t use for com bining searches
Step and no. #5 or #4 or #3 or #2 or #1
2: B io g eo c h e m ica l p r o c esses
#14475 TS = (biogeochemi*) #2 52 TS = (((coast* not coastral) sam e flux*) an d (carbon dioxide or C 0 2 or pC 02)) #3 26271 TS = ((((gas* exchange*) SAME atm osphere) OR ((global SAME (w arm ing OR change*)) OR (world climat*) OR (climat* change*)))) #4 37 291 TS = ((photosynthesis OR ((atmosphe* input*) OR (input* SAME atm osphe*)) OR ((primary product*) OR (food web*)))) #5 7874 TS = (((DOM OR (dissolved organic matter*)) OR (DOC OR (dissolved organic carbon*)) OR (dissolved carbon dioxide*))) #6 12 952 TS = (((calcium carbonate biom ineralization*) OR (C aC 03 biom ineralization*) OR calcificat*)) #7 19587 TS = ((denitr* OR (n itro g e n fixât*) ORnitrif*)) #8 2324 TS = (sulfate reduct*) #9 17 551 TS = ((((inorganic nutrient*) OR ((ammonium OR NH4) OR (Si OR silicate OR silice) OR (P OR phosphorus) OR (phosphate OR P 04) OR (Fe OR iron) OR (DIN OR (dissolved inorganic nitrogen)) OR (DIP OR (dissolved inorganic phosphorus)) OR (sul'ur* OR S OR S 0 4 OR S 0 3 OR S 02) OR (Zn OR zinc) OR (Mn OR m a n ganese) OR (N 03 OR nitrate*) OR (N 02 OR nitrite*))) SAME flux*)) #10 133 433 TS = (respirât*) abstract field, the lack of abstracts introduced a bias and a less efficient search. Indeed, the WoS d atabase retu rn ed m ore articles during the period 1997 to 1998, w h en the n um ber of references w ithout abstract w as < 1 %. Both d atab ases included a similar n um ber of articles during the period 1991 to 1998. In subsequent years the WoS d atab ase clearly retu rn ed m ore refer ences th an the ASFA database. The coverage of sources can explain the different efficiency of the d atab ases to retu rn relevant papers. The m ainstream journals are equally w ell indexed by both products. However, the WoS d atab ase has a w ider scope and indexed, at the tim e of analysis, 6106 jo u r nals distributed across all scientific disciplines, includ ing journals not prim arily concerned w ith m arine sci ence. The ASFA d atab ase indexes 4946 journals related to aquatic sciences to a various extent. In some journals 100% of the articles are indexed (core sources), w hile in others coverage is >50% (priority sources) or < 50% (selective sources). Additionally, the ASFA d atab ase com prises records of reports, articles in conference proceedings, theses and books, although the coverage seem s to be limited. Very few of these sources are indexed in the WoS database. It is likely th at these evolutions largely result from changes in the sources covered, but it is not possible to confirm because the publishers of these 2 databases do not docum ent such changes.
3: A n th rop ogen ic disturbances
The decline of records from the ASFA d atabase in 2003 com pared to 2002 is most likely due to the fact th at the journal issues published late that year w ere not yet included in the d atabase at the tim e this study w as conducted. Such decline is not found in the WoS d atabase because indexing is m uch quicker in the WoS th an in the ASFA database. The 2 products are clearly com plem entary. A bout 23% of the publications on coastal biogeochem istry published during the period 1988 to 2004 are exclusively im ported from the ASFA database, while 48% come from the WoS exclusively.
Overall, com bining the records obtained from the 2 databases, the num ber of publications on coastal bio geochem istry increased slowly during the period 1971 to 1990, w ith an average num ber of publications of 195 yr_1 (Fig. 1A) . It subsequently doubled over the period 1992 to 2002. It is well know n that the total num ber of scientific publications has increased consid erably over the last 3 decades. For exam ple, the total num ber of publications indexed by the ASFA database increased 3-fold b etw een 1971 and 2002 (12143 vs. 38 892). However, a clear shift of the publication strat egy tow ards coastal biogeochem istry and disturbances b e g an in 1993. The share of relevant publications was, on average, 0.85% of the total num ber of ASFA records during the period 1971 to 1992 (Fig. IB) . It su b sequently increased steadily to reach a value of 2.3% in 2002. The share is m uch low er in the WoS database, w hich indexes all disciplines of science and e n g in ee r ing, but a similar increase is found.
Sources
The d atabase that w e com piled (17 604 records) com prises 14 743 journal articles, 1430 articles in con ference proceedings, 930 books or book chapters, 415 reports, 85 theses and 1 com puter program . The increase in the num ber of publications reported in the previous section is mostly due to an increase in the num ber of journal articles, w hich rose almost 10- 
Ecosystems, biogeochemical processes and elements investigated
The change in the n um ber of publications devoted to specific types of ecosystem s is similar to the one rep o rted above for the w hole database, w ith a steep increase in the early 1990s (Fig. 3) The cycling of inorganic nutrients is the biogeochem ical process receiving the highest research effort (46% of the publications; Fig. 4 ) in keeping w ith their considerable im portance in the coastal zone due to natural and anthropogenic inputs. Almost V5 of the papers report on prim ary production, and almost 15% report on dissolved organic com pounds. The num ber of publications specifically addressing anthropogenic activities and their effect on coastal biogeochem istry is small (11 %). This is som ew hat surprising since the susceptibility of coastal biogeo chem istry to anthropogenic forcings is one of the m ajor features of coastal oceanography. This m ay be partly due to a bias of the keyw ord indexing of the WoS d atabase prior to the early 1990s, a The distribution of authors reporting on specific types of ecosystem s is similar to the distribution reported above for the num ber of publications, w ith a steep increase in the early 1990s (Fig. 6) To com pare the contributions of different countries, it is instructive to com pare the num ber of publications per country relative to population and to gross dom estic product (GDP). The publication intensity (publication p er million inhabitants) is highly correlated to w ealth intensity (GDP per person; r2 = 0.84;
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the distribution of research contingents to other eco systems. For instance, the n um ber of authors w orking on coastal sedim ents and m ud flats doubled (6 to 12 %) betw een 1971 and 2003, w h ereas those w orking on beaches d ecreased from 12 to 4% during the sam e tim e interval. The relationship b etw een the p ercen t of authors and the p ercen t of publications in each system is highly significant (r2 = 0.99), w ith a slope of 0.98, and none of the ecosystem s is greatly offset from the 1:1 line (data not shown). Indeed, the increase in the size of research team s, as indicated by the av erage num ber of authors p er paper, is paralleled by an increase in the total publication output. Senior authors are affiliated to institutions w ithin 137 countries. Those from US institutions com prise the largest contingent, w ith a little less th an 30% of all of the senior authors (Fig. 7) . Interestingly, the US have a significantly larger share (50%) w h en the w hole field of ocean science and technology is considered N ote th at T aiw an is not show n b ecause its gross dom estic product is not listed in th e World Bank d atab ase p = 2 X IO-15; Fig. 8 ). The Scandinavian countries clearly perform strongly in coastal biogeochem istry, consistent w ith their perform ance in science in general (King 2004). A ustralia, N ew Z ealand and C anada, countries w ith an exten d ed coastline and strong oceanographic universities and research institutions, have a high publication intensity in coastal biogeo chem istry and disturbances. Jap an , G erm any and Italy ap p ear to underperform in coastal biogeochem istry based on these m easures.
Study sites
The coastal zones of the NE and NW A tlantic O cean (respectively, 19.4 and 12% of the study sites) and the M ed iterran ean (9.6%) ran k am ong the most investi g ated geographical areas, to g eth er com prising 41 % of the study sites (Fig. 9A) . The SW A tlantic O cean, w est ern Pacific and Indian O cean are also w ell investi gated, each rep resen tin g about 10% of the study sites. The other areas com prise 1 to 6% of the study sites.
The geographical distribution of study sites is poorly scaled to the surface area of the coastal zones (Fig. 9B ). The research effort in some zones (e.g. the N orth Atlantic and the M editerranean Sea) is disproportion ately higher th an their surface areas. In contrast, the research efforts in the high latitudes and the w estern Pacific are disproportionately low com pared to their surface area. In fact, the geographical distribution of ef fort is likely partly driven by the distribution of scien tists. The fact th at the N orth Atlantic O cean and the M editerranean Sea rep resen t 41 % of the study sites is in good ag reem ent w ith the observation reported in the previous section that the east coast of the USA and E u rope host the largest contingencies of senior authors. It m ust of course be recognized th at th ere is no necessary link betw een the affiliation and location of study site, as it is quite common for authors to conduct their research at distant field locations. A lthough w e have no data on the distribution of funding, it is also quite obvious that the areas most investigated are those bordered by countries strongly supporting and w ith a long tradition of coastal research (e.g. the USA and EU). In contrast, other areas, such as the West African coast, have rarely b een studied, w ith <4% of the study sites. T here are exceptions, for exam ple, coastal research is not know n to be particularly well supported in most countries bordering the Indian O cean, yet >10% of the study sites are located in this area.
Citations
It m ay be surprising th at about 20% of the articles have never b een cited (Fig. 10) The 20 most cited articles and the 5 most cited (Table 2 ). This suggests that eith er these journals do not attract highly significant an d original research on coastal biogeochem istry or that publishing in these journals does not g u aran tee a high nu m b er of citations. This m ust be b alanced becau se these 2 journals only published 151 papers on coastal biogeochem istry and disturbances (1 % of the total) over the past 32 yr. The average num ber of references cited in the reference sections of papers on coastal biogeochem istry is 57, and is larger for highly cited papers. These have long reference lists (articles cited >201 times list, on average, 138 re fer ences) as most are review articles.
Journal articles
Jo urnal articles rep resen t about 84% of the 17 604 records extracted from the ASFA and WoS databases. The distribution is highly biased w ith 1554 journals each publishing <10 relevant p apers during the period investigated ( Fig. 11 ), w hile 23 journals each published >100 re le vant pap ers (Fig. 12 ). This dem onstrates both the highly disciplinary n atu re of coastal biogeochem istry and disturbance, as well as the existence of a large num ber of journals w ith a local, regional or ecosystemspecific scope. 
Conclusions
This bibliom etric study provides a clear picture of how the status of research on coastal biogeochem istry and disturbances has evolved during the past 23 yr. It also identifies im balances in the distribution of study sites and allocation of efforts in certain ecosystem s and disciplinary areas. Finally, it identifies the challenges w hich lie ahead.
R esearch on coastal biogeochem istry and distur bances has increased rapidly over the period investi gated. This increase w as higher th an that of the g e n eral increase observed for scientific research, as show n by the doubling of the num ber of publications devoted to th at field scaled to the total num ber of scientific p u b lications. The total num ber of authors is very large and obviously underestim ates the total num ber of scientists w orking in the field, as technicians and students are not always co-authors. The reasons for the major increase in coastal biogeochem istry research in the 1990s are probably manifold. H owever, the relatively low num ber of citations p er p ap er suggests th at the research com m unity is still structured around them es th at do not fully in ter act w ith each other. O ne of the re a sons m ay be th at the publications are scattered in a large n um ber of jo u r nals. The top 23 journals captured about 40% of the journal articles, and 86% of the journals published <10 pap ers during the period investigated. Indeed, the suc cess of review p ap ers suggests th at th ere is a grow ing dem and, likely prom pted by the rapid grow th and fragm entation of the literature, to provide u p d ated to p ical syntheses of developm ents in coastal biogeochem istry and disturbances.
The fragm entation of the literature probably reflects the fragm ented n atu re of the research community, w ith a consequent paucity of coordination of efforts th at results in m ajor im balances in the developm ent of coastal biogeochem istry. This im balance is evident throughout the results p resen ted above. The allocation of efforts am ong coastal ecosystem s is highly im bal anced com pared to their relative surface area. Two contrasting exam ples are estuaries and river deltas, Finally, m ajor im balances in the distribution of study sites w ere also found. The research effort in the N orth A tlantic O cean and the M editerranean Sea is disproportionately large com pared to their surface area. The high latitude areas, w hich will be most affected by global climatic change, and other areas, such as the w estern Pacific, are largely u n d e r investigated.
Regional, national and international authorities have b e e n highly successful in prom oting research on coastal biogeochem istry and disturbances, as show n by indicators of th e size and output of the research community. The diagnostic derived from this analysis shows th at these efforts n eed to be b etter coordinated in order to ad dress the im balances that presently limit th e use of the results d erived from the grow ing ex p en ditures on coastal biogeochem istry research. Only im proved coordination, both w ithin the research com m unity an d the funding agencies, will steer attention to geographical areas an d processes w hich rem ain poorly investigated, through reallocation of funding w ithin th e research program s th at they m anage. This is crucial to ad dress the p resen t im balances that im pair research progress on coastal biogeochem istry and dis turbances. Only th en can th e role of th e coastal ocean on global biogeochem ical cycles an d its response to clim atic and anthropogenic disturbances be clarified. 
